Abstract. Engulfment and cell motility 1 (Elmo1) has been linked to the invasive phenotype of glioma cells. the use of Elmo1 inhibitors is currently being evaluated in hepato-cellular carcinoma (hcc), but the molecular mechanisms of their therapeutic effect have yet to be determined. Elmo1 expression in hcc tissue samples from 131 cases and in 5 hcc cell lines was determined by immunohistochemistry, quantitative rt-pcr and western blotting. to functionally characterize Elmo1 in hcc, Elmo1 expression in the hcclm3 cell line was blocked by sirna. cell migration was measured by wound healing and transwell migration assays in vitro. Elmo1 overexpression was significantly correlated with cell invasion and the poor prognosis of hcc. Elmo1-sirna-treated hcclm3 cells demonstrated a reduction in cell migration. the present study demonstrated for the first time that the suppression of Elmo1 expression inhibits cell invasion in hcc.
Introduction
hepatocellular carcinoma (hcc) is one of the most common malignancies worldwide, particularly in china. hcc is the second leading cause of cancer-related death among males (1). although advances have been made in the diagnosis and treatment of hcc, the long-term outcome for patients with hcc is still extremely poor due to its high recurrence and metastasis rate (2). The five-year recurrence rate in HCC is as high as 50-60% (3). thus, the ability to predict individual risk of recurrence and subsequent prognosis is critical to guide surgical and chemotherapeutic treatment (4-7). therefore, it is necessary to investigate the molecular alterations correlated with the recurrence or metastasis of hcc. the recurrence and metastasis of hcc is a complex process involving various factors at each step (8, 9) . cell migration is one characteristic of highly aggressive metastatic cancer cells (10), and is one of the most important steps in hcc invasion and metastasis (11) (12) (13) . cell migration is highly regulated by spatial and temporal changes in the actin cytoskeleton which are essential for many physiological and pathological processes, including cancer cell invasion. rac1, a member of the rho Gtpase family, is a key regulator of actin cytoskeletal dynamics and relays signals from various stimuli such as growth factors, cytokines and adhesion molecules to downstream effectors modulating cell migration and invasion (14) . notably, rac1 has been shown to promote hcc cell migration (15) (16) (17) . dock180 is known to be the main target of signal adaptor protein crk and acts as a guanine-nucleotide exchange factor for small Gtpase rac1. Studies in Caenorhabditis elegans and Drosophila reveal that dock180 homologues modulate various functions including phagocytosis, cell migration and actin cytoskeletal organization through the activation of rac1 (18). dock180 facilitates nucleotide exchange on rac1 through its unconventional docker GEF domain (19), but requires binding to engulfment and cell motility 1 (Elmo1) to achieve Gdp/Gtp exchange on rac (20) . as a result, the dock180 family of proteins has been suggested to function as an upstream regulator of the small Gtpase rac. the best characterized rac activation mediated by the dock family is through the dock180-Elmo1 complex.
although studies with experimental models have indicated an important role of Elmo1 in cell invasion and migration in human glioma and ovarian cancer cell lines (21), the clinical evidence of the role of Elmo1 in human hcc is limited. therefore, in the present study, we evaluated the expression of Elmo1 in hcc tissues and analyzed its correlation with clinicopathological characteristics and the prognosis of hcc. Elmo1 expression was investigated in hepG2 cells with low metastatic potential and hcclm3 cells with high metastatic potential by western blotting. Knockdown of Elmo1 in hcclm3 cells caused a reduction in cell migration and invasion. in addition, cell migration and invasion was measured by in vitro wound healing and transwell migration assays.
Materials and methods
Patients and specimens. prior informed consent was obtained from the patients for the collection of liver specimens in accordance with the guidelines of the Second xiangya hospital of central South university. the study protocols were approved by the Ethics committee of the central South university, changsha, hunan, china. hcc specimens were collected from 131 patients who underwent hepatic resection for hcc at the department of Surgery, the Second xiangya hospital of central South university from october 2005 to november 2008. the patients did not receive transcatheter arterial chemoembolism therapy or any local ablative therapy. the sample included 115 males and 16 females with a median age of 49 years (range 21-79). From these 131 hcc cases, fresh specimens of matched adjacent non-tumorous tissues (antts) were collected from 32 cases. the samples were immediately frozen in liquid nitrogen and subsequently stored at -80˚C for reverse transcription-polymerase chain reaction (qrt-pcr) and western blot analysis. Five normal liver samples were obtained from 5 patients with liver cavernous hemoangioma as controls. The specimens were embedded in paraffin and stained by h&E. the diagnoses of the patients were confirmed by histopathology Histopathological examination was conducted in a blinded manner.
Real-time reverse transcription-polymerase chain reaction. qrt-pcr was performed as described previously (22). the primers for Elmo1 were as follows: forward, 5'-tGccaca aaGtGctGGaGatG-3'; reverse, 5'-acGGacaGGctcaG GtGattc-3' . Gapdh expression was determined as a control using primers: forward, 5'-GcaccGtcaaGGctGaGaac-3'; reverse, 5'-tGGtGaaGacGccaGtGGa-3'. the real-time pcr reaction was carried out on an aBi 7500 thermal cycler (applied Biosystems) using SYBr ® Green i chemistry. the PCR cycling parameters were as follows: 50 cycles at 95˚C for 5 sec and at 60˚C for 20 sec. The results were analyzed using the 2 -ΔCt method according to the formula: ΔCt = Ct Elmo1 -ct Gapdh .
SDS-PAGE and Western blot analysis. tissues from hcc samples, antts and the cell lines were lysed with buffer containing 50 mm tris-hcl, ph 7.3, 150 mm nacl, 2% np-40, 0.5% deoxycholate, 2 mm Edta, 2 mm naF, and 1% protease inhibitor cocktail (pierce, rockford, il, uSa) . total protein (100 µg) was separated by SdS-paGE and transferred to polyvinylidene difluoride filters (PVDF) (millipore, danvers, ma, uSa). membranes were blocked in 5 mg/ml milk, incubated with the goat polyclonal anti-Elmo1 (1:400; Abcam UK), anti-Rac1 and anti-fibronectin (1:500; Santa cruz Biotechnology, Santa cruz, ca, uSa) antibodies. hrp-conjugated mouse anti-goat igG (1:2000; Kpl, Gaithersburg, md, uSa) was used as the secondary antibody. the membrane was extensively washed, and the proteins were detected with the Enhanced SuperSignal west duro chemiluminescence system (pierce). β-actin (1:300; Sigma-aldrich, St. louis, mo, uSa) was used as a reference probe.
Immunohistochemistry and follow-up. Paraffin-embedded tissues were sectioned into serial 4-µm slices and stained with hematoxylin and eosin (H&E). In brief, after deparaffinization and rehydration, endogenous peroxidase was blocked with methanol containing 0.3% hydrogen peroxide for 30 min and microwave-pretreated in Edta buffer (1 mm, ph 8.0) for 10 min for antigen retrieval. the concentration of goat polyclonal anti-human Elmo1 antibody was 1:300. immunostaining for Elmo1 was carried out with the streptavidin-peroxidase system (Zhongshan Golden Bridge Biotechnology, Beijing, china). nuclei were lightly counterstained with hematoxylin. negative controls were treated with phosphate-buffered saline (0.01 m, ph 7.2) instead of the antibodies. the Elmo1 protein level in each section was scored on a scale of 0 to 3+ to delineate low expression (0 or 1+) or high expression (2+ or 3+). Scoring was performed by two independent investigators blinded to the clinical and follow-up data. patient follow-up was carried out through written correspondence or telephone contact. the rate of follow-up was 92.0%. a total of 131 patients were followed up post-operatively for 30-1300 days, with a median follow-up time of 460 days. the diagnosis of recurrence and metastasis was based on postoperative imaging, serum aFp levels or re-operative resection. overall survival was calculated from the date of surgery to the date of death or last follow-up. disease-free survival was calculated from the date of surgery to the date of recurrence, metastasis, death or last follow-up. to determine factors influencing survival after hepatic resection, the following 8 conventional clinicopathological variables were assessed in all 131 hcc cases: gender, age, liver cirrhosis, aFp concentration, tumor size, Edmondson-Steiner grade and vein invasion.
Cell lines and cell culture. the hcc hepG2 and hcclm3 cell lines, normal liver l-02 cells and 293t retroviral packaging cells were purchased from the cell institute, Shanghai, china. these cell lines were cultured in high glucose Dulbecco's modified Eagle's media (Gibco-Brl, Gaithersburg, md, uSa) supplemented with 10% fetal bovine serum (hyclone laboratories inc., logan, ut, uSa) and maintained in 5% co 2 at 37˚C.
Plasmids and transfection. Empty vector pSuper.retro. neo-GFp was purchased from invitrogen inc. two different Elmo1 small interfering rna (sirna) dna oligonucleotides were designed using oligoEngine rnai design software. sirna for human Elmo1 targeting 19 nucleotides of the human Elmo1 transcript (nucleotides 2921-2949, 5'-tGaGGactGatGtGGtaGa-3') and sirna targeting another region of the human Elmo1 transcript (nucleotides 1256-1298, 5'-tccGcatttaGtGGacaGG-3') were designed. according to the insert sequence of the mission non-target sirna control vector (5'-caacaaGat GaaGaGcaccaa-3'; Sigma), a control non-target sirna was designed using two different Elmo1 sirnas and one non-target sirna segment subcloned in the pSuper-GFp vector, respectively. 293t retroviral packaging cells, used for the production of amphotropic virus, were transfected with the relevant pSuper retroviral expression plasmid (Invitrogen, USA) at a confluence of 70% using lipofectamine 2000 (invitrogen) according to the manufacturer's instructions. clones expressing the retrovirus at 1x10 5 colony-forming u/ml were selected for subsequent experiments. multiple rounds of infection, which increase the number of infected cells as well as the number of copies per cell, were carried out during the transfection of the hcclm3 cells. Briefly, medium containing the retrovirus was added to the cells supplied with polybrene (5 µg/ml) for 12 h; after a 12-h rest by replacing the medium with fresh medium, the retrovirus was added again. this double infection resulted in a 60-70% transfection efficiency.
Migration and invasion assays. For the migration assay, hcclm3 cells (1x10 6 ) were seeded on 6-cm plates coated with 10 µg/ml type i collagen. the cells were incubated for 24 h, and the monolayer was then disrupted with a cell scraper (1.2-mm diameter). images were captured at 0 and 24 h under a phase contrast microscope (nikon Elwd 0.3). Experiments were carried out in triplicate, and four fields for each plate were assessed. For the invasion assay, a transwell plate with an 8-µm diameter pore membrane (costar) was coated with 200 µg/ml matrigel and incubated overnight. twenty-thousand hcclm3 cells were seeded into the upper chamber of the transwell, and the lower chamber was filled with 0.8 ml dmEm supplemented with 0.5% FcS to induce chemotaxis. After 24 h of incubation at 37˚C, the cells were fixed in methanol and stained with H&E. The number of cells that invaded through the pores to the lower surface of the filter was counted under a microscope. three invasion chambers were used per condition. the values obtained were calculated by averaging the total number of cells from three filters.
Statistical analysis. analysis was conducted using SpSS 11.5 software (SpSS inc., chicago, il, uSa) . Quantitative values were presented as the mean ± Sd or the median (range). the independent t-test was used to compare Elmo1 mrna and protein expression in hcc and antt samples. potential relationships between Elmo1 expression and clinicopathological variables were assessed by analysis of variance (ANOVA). Survival curves were plotted using the Kaplan-meier method and analyzed using the log-rank test. in addition, the univariate and multivariate cox proportional hazards regression model was used to identify independent risk factors for survival. all tests were two-tailed, and p<0.05 was considered to indicate statistical significance.
Results
Expression of Elmo1 mRNA and protein in HCC tissues and cell lines. the Elmo1 mrna levels in the hcc tissues were significantly higher than those in the ANTTs, as determined by qrt-pcr analysis (Fig. 1a) . the t-test showed that the expression of Elmo1 mRNA in the HCC tissues was significantly higher than that in the antts (8.3±0.8 vs. 1.7±0.7; p<0.05). the same 32 paired specimens were assessed by western bloting (Fig. 1B) . consistent with the mrna expression, the Elmo1 protein levels in the hcc tissues were significantly higher than those in the paired ANTTs (1.42±0.32 vs. 0.43±0.11; p<0.05). however, there were no differences between the mrna and protein levels the antts and the normal liver tissues (data not shown). correlations between Elmo1 mrna and protein expression with clinicopathological characteristics of hcc were investigated, and Elmo1 expression was significantly related to vein invasion of hcc (p<0.05). however, no correlation was found between Elmo1 expression and the other clinicopathological features of the HCC cases (P>0.05) ( Table Ⅰ) . To determine the correlation between Elmo1 expression and hcc metastasis, 
. Expression levels of Elmo1 mrna and protein in the hcc tissues and the adjacent non-tumor tissues (antts). (a) Expression levels of Elmo1 mrna in the 32 cases of hcc tissues and antts. (B) Expression levels of Elmo1 protein in the hcc tissues (t) and antts (n), respectively. Expression of Elmo1 mRNA and protein in the HCC tissues was significantly higher than that in the ANTTs (P<0.05). (C) Western blot analysis of Elmo1 protein expression was performed in the HepG2 and HCCLM3 HCC cell lines and in L-02 cells as a control. β-actin was used as the internal control for equal loading. The results indicated that the hcclm3 cell line may be an ideal target for Elmo1 suppression.
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the expression of Elmo1 was determined in the hcclm3 and hepG2 cells and the normal liver l-02 cell line as the control using qrt-pcr and western blotting. as shown in Fig. 1c , the expression of Elmo1 protein in hcclm3 was significantly higher than that in the HepG2 cells (1.67±0.11 vs. 1.06±0.02; p<0.05). collectively, the results are in agreement with previously findings that Elmo1 expression is correlated with metastatic potential in hcc, and that the hcclm3 cell line may be a suitable target for Elmo1 suppression.
Correlation of Elmo1 expression with the prognosis of HCC.
immunohistochemical staining was carried out in all 131 paired hcc sample. among the cases, 85.7% displayed positive staining primarily in the cytoplasm of the cells within the tumor tissues (Fig. 2a) , while 22.9% exhibited positive staining in the non-tumor tissues (p<0.05) (Fig. 2B) . we further examined whether positive Elmo1 expression was correlated with the prognosis of hcc. low expression of Elmo1 was correlated with a longer median survival time compared with high expression. the overall survival time between the patients with low or high Elmo1 expression levels was significantly different (1010 vs. 597 days; P=0.013) (Fig. 2D) , as was the median overall disease-free survival time between the patients with low or high Elmo1 levels (690 vs. 921 days; P=0.002, Fig. 2c ). to assess whether the expression level of Elmo1 is an independent prognostic factor for the survival of hcc patients, univariate and multivariate cox regression analyses were used to identify factors that may predict survival after hepatic resection. univariate cox regression analysis indicated that the Elmo1 expression level, tumor size, Edmondson-Steiner grade, Child-Pugh classification, serum AFP level, liver cirrhosis and vein invasion were all significantly associated with survival. using multivariate cox regression analysis, the Elmo1 expression level (HR 3.32; P=0.001) and microscopic vein invasion (HR 2.95; P=0.02) were found to be independent prognostic factors of survival (Table Ⅱ) .
Elmo1 affects HCCLM3 invasion and migration. sirna treatment was employed to inhibit the expression of Elmo1 in hcclm3 cells with high metastatic potential. as shown in Fig. 3a , the candidate sequence inhibited the protein expression of Elmo1 by >60%. after a 3-week selection in medium supplemented with G418, the hcclm3 cell line Elmo1-sirna was successfully contructed, which stably expressed decreased Elmo1. We first investigated the effect of Elmo1 on the invasion and migration of hcclm3 cells. as shown in Fig. 3B , Elmo1-sirna cells exhibited an 85% decrease in wound healing ability compared to the control cells (p<0.05), suggesting a role for Elmo1 in the migration of hcclm3 cells. to substantiate this observation, a matrigel invasion assay in transwell culture chambers was carried out to determine the effect of Elmo1 on the in vitro invasion of hcclm3 cells. as shown in Fig. 3c , the proportion of Elmo1-sirna cells that passed through the matrigel was only 13% compared with that of the control cells (p<0.05). together, these results support a critical role for Elmo1 in the invasion of hcclm3 cells. meanwhile, the reduced expression of Rac1 and increased expression of fibronectin were also noted 1x10 6 ) were seeded on 6-cm plates coated with 10 µg/ml type i collagen. the cells were incubated for 24 h and the monolayer was disrupted with a cell scraper (1.2-mm diameter), then images were captured at 0 and 24 h under a phase contrast microscope. Experiments were carried out in triplicate, and four fields of each plate were assessed. (c) For the matrigel invasion assay, hcclm3 cells (2x10 5 ) were seeded into the upper chamber of the transwell, and the lower chamber was filled with 0.8 ml NIH-3T3 conditioned medium to induce chemotaxis. After 24 h of incubation at 37˚C, the cells that invaded through the pores to the lower surface of the filter were counted under a microscope. Three invasion chambers were used per condition. The values obtained were calculated by averaging the total number of cells from three filters, and statistical analysis was performed using the Student's t-test. The data are expressed as the mean ± SD of at least three independent studies. (D) The reduced expression of Rac1 and increased expression of fibronectin were also noted in the Elmo1-siRNA HCCLM3 cells, indicating that Elmo1 expression may be involved in cell adhesion to the extracellular matrix and cell migration. 
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in the Elmo1-sirna hcclm3 cells, indicating that Elmo1 expression is involved in cell adhesion to the extracellular matrix (Fig. 3d) . up-regulation of Elmo1 expression may be involved in the invasive phenotype of hcc cells by promoting cell migration and adhesion (23).
Discussion management of metastasis contributes to an improvement in the prognosis of hcc patients. the development of cancer such as hcc is characterized by multi-step processes associated with alterations in the expression of genes involved in cell proliferation, invasion and metastasis (24). Previous findings indicate that invasion and metastasis are, to a large extent, attributable to the ability of cells to migrate (25). in a previous study, the association between dock180 and Elmo1 was confirmed by immunoprecipitation experiments. the results showed that dock180 interacted predominantly with crk1, and that inhibition of endogenous dock180 expression attenuated the invasive behavior of SKOV3 cell lines concomitant with a reduction in activated rac1, which is a key regulator of actin cytoskeletal dynamics modulating cell migration and invasion (26). however, the role of Elmo1 in human hcc remains unknown. thus, the present study aimed to investigate the role of Elmo1 in hcc. Elmo1 mrna and protein expression was assessed in hcc tissues, and the expression levels of Elmo1 mrna and protein were found to be significantly higher in HCC tissues than in the corresponding antts. these results were consistent with a previous study in gliomas and ovarian cancer cell lines, which also suggested that the Elmo1 gene may play an important role in invasion and metastasis (21) .
in the present study, levels of Elmo1 mrna and protein in hcc tissues as determined by qrt-pcr and western blot analysis were investigated for a correlation with clinicopathological features of hcc. the expression of Elmo1 mrna and protein was significantly correlated with vein invasion and the Edmondson-Steiner grade of the hcc tissues. Substantial evidence indicates that vein invasion and angiogenesis are highly correlated with invasion and metastasis, as well as with the prognosis of hcc. consistent with these results, a highly significantly association was noted between the Elmo1 expression level and prognosis/metastasis of hcc. multivariate cox regression analyses indicated that Elmo1 expression was an independent risk factor for the prognosis of hcc patients, in addition to Edmondson-Steiner grade and venous invasion. these results suggest that Elmo1 may play a key role in hcc development.
These findings were confirmed in three HCC cell lines with different spontaneous metastatic potential. hepG2 cells exhibit a moderate metastatic potential, whereas hcclm3 cells show highly invasive potential, as indicated by extensive metastases via orthotopic inoculation (27) . Based on this difference in metastatic potential, this cell model system may serve as a useful platform for the study of hcc metastasis. the protein expression of Elmo1 was previously found to be significantly higher in the HCCLM3 cell line compared to the HepG2 cell line (28) as verified in our study. To evaluate the role of Elmo1 expression in regulating cell migration in hcc, the hcclm3 cell line was treated with Elmo1 sirna, which successfully blocked Elmo1 expression. the results indicate that Elmo1 regulates cell migration in hcc cells, and that increased expression of Elmo1 is associated with the metastatic potential of hcc. in the present study, we demonstrated that the knockdown of Elmo1 was associated with the inhibition of invasion and the migration of hcclm3 cells, consistent with the critical role of Elmo1 in the control of cellular motility. thus, Elmo1 may serve as a possible powerful therapeutic target for metastatic hcc.
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